This paper presents the methodology and results of the simulation and optimization of renewables and non-renewables energy system for supply to a shopping center as an alternative to the electric grid consumption, so that to determinate the optimal system. The fundamentals equations used to estimate the operational costs are presented. The software used to simulate and optimize the purposed system is HOMER Pro®, this software can simulate energy systems with renewable fractions and optimize those components to obtain the best system to use. In addition, the renewable systems they have the lowest annual operation cost and total operation cost in the simulated case study, therefore those systems should be consider as the better option to take as an alternative to the electrical grid consumption, but the non-renewable systems could be a great solution if the problem lies in obtaining an emergency plant, capable of generating large amounts of energy in a short period of time. Finally, that the renewable electric generating devices are the better option to use as an alternative to the electric grid consumption but it is recommended the use of an emergency plant with the final 1288
Introduction
Autonomous power generation systems play an important role in the field of electricity generation [1] , [2] which could combine several alternative and conventional energy sources, and are called hybrid systems by integrating only renewable energy sources or non-renewable energy systems [3] , which have been widely used to meet different levels of demand [4] , [5] . In this way, important energy simulation works of renewable hybrid systems are found [6] from renewable energy sources [7] and non-renewable. Among the main applications of isolated systems [8] of electric power generation is the provision of electricity for small population settlements [9] , [10] , agroindustrial in isolated areas [11] , in telecommunications relay stations, fluid pumping stations, basic hospital care, civil constructions, disaster relief, military posts and recreation showing good behavior and reliability [12] . Regarding renewable generation technologies [13] [14], although they are increasingly more efficient and less expensive, they cannot compete with the costs of the interconnected system [15] , [16] , [17] and they are still the object of study and development. The most promising systems with the best results already implemented worldwide are wind and photovoltaic [18] , [19] . However, when it comes to energy supply for supermarkets and large surfaces, systems based on natural gas generation engines [20] and diesel are of great application and utility. Therefore, the main contribution of this work is to present the results of a comparative cost analysis between different self-generation systems to meet the energy demand of a shopping center by means of simulation in HOMER, allowing the development of a technical and economic planning of valuation of the different proposed systems, facilitating the feasibility analysis in a simple way and obtaining the optimal configuration of the required system.
Methodology
This section of the paper presents system descriptions with technical specifications of the components used to supply the energy load in the simulated case study; in addition the fundamentals equations required to estimate the data values in this simulation are presented.
System description
To supply the primary load and determinate the optimal system as an alternative to the electrical grid consumption was necessary use HOMER Pro software to simulates the purposed systems. Those systems are compounded by an electrical generating device (Renewable or non-renewable) working in parallel with the electrical grid to reduce the grid purchases and the operation cost. The nonrenewable electrical generators selected to the simulations were two diesel generators with an output power of 100 kW and 500 kW with an O&M cost of 2 USD/h and 5 USD/h respectively, the diesel price is 0.67 USD/L; three natural gas generators with an output power of 200 kW, 500 kW and 1 MW with an O&M cost of 2 USD/h, 5 USD/h and 10 USD/h respectively, the natural gas price is 0.24 USD/m 3 ; by last, a Petroleum liquid gas (PLG) generator with an output power of 50 kW with an O&M cost of 1 USD/h, the PLG cost is 0,58 USD/m 3 . All generators were working at least 8 hours every days of the year since 9 am, to 4 pm. The renewable electrical generators selected to the simulations were two wind turbines with an AC output power of 3.3 kW and 5.1 kW working 10 at time and 24 hours in each case, with a hub height of 12 meters and a O&M cost of 12 USD/year and 20 USD /year respectively; by last, two PV systems & converters integrated with an AC output power of 33 kW and 55 kW and a O&M cost for each system of 10 USD/year. The electrical grid price is 0.17 USD/kWh and the environmental impact cost for every type of emissions generated is 100 USD/ton.
Fundamentals equations
HOMER's main financial output is the total net present cost (NPC) and cost of energy (COE) of the examined system(s) configurations. NPC analysis is an appropriate gauge or scale for the purpose of economic comparison of different energy systems classification and configuration, the reason is that NPC balances widely divergent cost characteristics of renewable and non-renewable sources. As well, it explores and summaries all the relevant associated costs that occur within the lifetime of the energy project. The economic performance parameters of a photovoltaic-biomass hybrid power system with storage and converter in Elfayoum governorate is calculated through modeling the system. For economic aspect, (NPC) and (COE) of the system are investigated. HOMER uses total net present cost (NPC) to represent the system's life cycle cost. The NPC is calculated as
where TAC is the total annualized cost, CRF is the capital recovery factor which can be calculated by the following equation
where, N is the number of years and i is the annual real interest rate (%). Cost of energy (COE), which is the average cost per kilowatt-hour ($/kWh) of electricity produced by the concerned system is estimated as
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where Cann,tot is the annual total cost, $. E is the total electricity consumption, kWh/year [21] .
Results and Discussion
The RHG solar resource [22] , the daily temperature [23] and the wind speed [24] (It is important to highlight that educational guides related to the topic have been developed) [25] for the location are shown in Figure 1 , which are important factors to determinate the right function of the PV and the wind turbine systems. Considering a random variability of the 10% day to day, a scaled annual average of 2424.25 kWh/d, a peak of 348.08 kW and an average of 101.01 kW, a monthly average load profile were calculated for 10 years. A typical annual and daily load profile is shown on Figure 2 .
Figure 2. Monthly and daily average load profile
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A comparative study was developed between the Non-renewable generators and renewable generators; obtaining the O&M cost, the fuel consumed, the fuel cost and the environmental impact cost from each non-renewable component; likewise, obtaining the O&M cost and the renewable fraction from each renewable component as shown in Figure 3 and Figure 4 .
Figure 3. Non-renewable generators comparative results
It can be seen that the natural gas generators takes the biggest amount of fuel consumption but his fuel cost is relative lower, otherwise it happens the diesel generator (500 kW) presents an expensive fuel cost with a relative lower fuel consumption but the diesel generators always generates more energy than the others, the natural gas generator (200 kW) takes a low O&M cost in comparative with the others generators; the diesel (100 kW) and the PLG (50 kW) presents the lowest values of this comparative, but his energy generation is too poor for the load requirement, so it needs more of this generators working at time to can supply the primary load. It can be seen that is the PV with integrated converter (50 kW), the system with the highest electric generation and the lowest O&M cost; therefore this is the optimal system to be implemented as an alternative to the electric grid consumption talking about the renewable electric generating devices. In addition, a comparative study was developed between the Non-renewable generators and renewable generators as shown on Figure 5 and Figure 6 , obtaining the annual operation cost for each components simulated and the total operation cost over 10 years of simulation for each components, to determinate the system with the lowest operation cost and make an analysis for the simulated systems with the objective to determinate when is better to use each of those systems. It can be seen that is the renewable systems they have the lowest annual operation cost and total operation cost in the simulated case study, therefore those systems should be consider as the better option to take as an alternative to the electrical grid consumption, but the non-renewable systems could be a great solution if the problem lies in obtaining an emergency plant, capable of generating large amounts of energy in a short period of time.
Conclusions
It has been determined that the renewable electric generating devices are the better option to use as an alternative to the electric grid consumption, converter + PV (50 kW) more specifically, because his operational costs are the lowest and those systems can works continuously and supply a moderate fraction of the electric grid; However, those systems do not works efficiently if the electrical grid works wrong at any time, because the renewable systems cannot generate large amounts of energy in a shorts periods of time, for this reason it is recommended the use of an emergency plant with the final purpose of supply large amounts of energy if the situation requires it and this emergency plants should be natural gas electric generating devices or diesel electric generating devices.
